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eduhttp://dx.doi.org/10.1016/j.cub.2014.03.077Evolution: Predator versus ParasiteBoth predators and brood parasites can bemajor threats to the reproduction of
many birds. A new study shows that some cuckoo chicks can help deter nest
predators, potentially improving host reproductive success when predation
risks are high.Martin Stevens
As Tennyson once famously wrote,
nature is ‘‘red in tooth and claw’’,
and antagonistic interactions among
species are ubiquitous in the natural
world. These often result in
evolutionary arms races, with each
party fighting to stay ahead of the
other. Two of the most common
interactions are predator–prey and
brood parasite–host relationships [1].
Many breeding birds face both of these
threats: nest predation is extremely
common, but some birds face the
added risk of also being duped into
rearing completely unrelated offspring.
Here, brood parasites such as various
cuckoo species, lay their eggs in the
nests of other birds, so that the hosts
or foster parents rear the chick instead
and incur the costs of parental care.
While many hosts of cuckoos and other
parasites show defences against the
intruders (such as mobbing adult
cuckoos or rejecting foreign eggs
[2–4]), not all do. A new study by
Canestrari et al. [5] shows that there
may sometimes actually be a benefit
to having a brood parasite in the nest,
by virtue of protection from predators,
and that this may explain a lack of
host defences.
In northern Spain, carrion crows
(Corvus corone corone) are parasitizedby the great spotted cuckoo (Clamator
glandarius). Unlike some other brood
parasites, the great spotted cuckoo
chick does not evict or kill the host’s
offspring, but is instead reared
alongside them, meaning that host
young can survive and fledge in many
nests (Figure 1). Offspring of the
great spotted cuckoo secrete a foul
smelling repellent substance that has
been suggested to deter predators
(Figure 2), and Canestrari et al. [5]
theorised that the presence of a cuckoo
chick in the host nests might also aid
the other host chicks present. The
authors combined three lines of
exploration to test this idea. First,
they used data from 16 years of crow
reproductive success in the field. Next,
they conducted experiments whereby
they manipulated some crow nests
by adding one or two cuckoo chicks,
removing cuckoos, or leaving some
nests unmanipulated (both with and
without a parasite). Finally, the authors
analysed the composition of the
chemicals the cuckoo chicks secreted,
and undertook tests on three potential
nest predator groups (cats, crows,
and raptors) to determine its effect
on deterring them from food (meat
pieces either treated with the cuckoo
secretion or simply with water).
The long-term data showed that
parasitized nests were more likelythan unparasitized nests to produce
at least one crow chick to fledging
(a 76%versus 54%chance of success).
However, among nests that produced
at least one young, fewer host offspring
were fledged in nests with cuckoos
than those without. The net effect
effectively meant that there was no
clear difference in the overall number
of crows fledged in nests that were
parasitized with those that were not.
The nest manipulations supported this
data. When cuckoo chicks were
removed, nest success declined from
about 60% to just 31%. In contrast,
adding a cuckoo chick increased
success from around 38% to 71%.
Reassuringly, the magnitude of the
changes was very similar in each data
set, and in contrast, simply moving
crow chicks between nests had no
effect on success. In the behavioural
assays of how predators avoid cuckoo
chicks, all three potential predator
groups were less likely to eat the meat
treated with the secretions than the
control pieces. Chemical analyses also
showed that the secretions comprised
several repulsive compounds,
including acids, phenols, and sulphur-
containing compounds, many of which
were not present or present at lower
amounts in the crow faeces.
These combined pieces of evidence
led the authors to conclude that the
most likely explanation for the nest
success results is that cuckoo chicks
reduce the risk of predation through the
chemical secretions that they produce.
The authors argue that depending on
the intensity of predation each year, the
relationship between cuckoo and host
effectively switches from parasitism to
Figure 2. The anti-predator secretion of a
great spotted cuckoo chick.
Great spotted cuckoo chicks release a nasty
smelling substance when disturbed, which
deters potential predators from attacking
them and any host chicks in the nest. (Image:
Daniela Canestrari.)
Figure 1. A chick of the great spotted cuckoo in a nest of crows.
Cuckoo chicks do not evict the host young and host chicks can survive and fledge. (Image:
Vittorio Baglione.)
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R389mutualism, whereby the host can
benefit from the presence of the
parasite chicks through improved host
young fledging success. Because nest
failure due to predation is highly
variable, between 21% and 78%
depending on the year, it means that
the benefits and costs of parasitism
could fluctuate greatly over time
(and presumably different populations
too). Correspondingly, the authors
found that in years of low nest
predation, cuckoos decrease
reproductive success, whereas in
years of high nest predation,
parasitized nests produce more
fledglings than unparasitized nests.
Although the study does not
directly demonstrate cuckoo
secretions deterring wild predators,
the findings all point in the same
direction.
Canestrari et al. [5] could find no
clear costs to the crows of raising a
cuckoo chick, including in
measurements they took relating to
fledging condition, additional parental
provisioning that may be needed to
raise a cuckoo, or on parental survival
and reproduction the following year. As
such, the costs of a cuckoo chick seem
to be low, most likely because crow
chicks are themselves quite large and
require substantial provisioning.
However, this does not explain whythere was a reduction in the number of
crow chicks that fledged when a
cuckoo was present, which implies that
there must be some unmeasured cost.
Regardless of whether it is technically
correct to call this situation a
mutualism, the study nicely shows that
not all brood parasites are as terrible
for hosts as is often thought, at least in
species where parasites are reared
alongside the host chicks, as, for
example, is often seen in some
cowbirds [6].
Canestrari et al.’s [5] study also
addresses the issue of why some host
species lack defences against
parasites. In the first instance, this
seems strange but there are several
potential explanations. First, some
species may be relatively new hosts
that have not had the chance to evolve
defences (evolutionary lag). This is,
for example, often suggested as a
possible reason for why dunnocks
(Prunella modularis) do not reject
common cuckoo eggs [7]. In other
instances, a lack of defence may
represent the best solution. For
example, in hosts of the Jacobin
cuckoo (Clamator jacobinus) there is
a relatively high chance of cuckoo
eggs being mistimed in terms of host
incubation, and therefore often not
greatly decreasing host success.
In addition, as the breeding seasonprogresses, both predation and
parasitism rates increase, meaning that
it may be optimal to accept a cuckoo
egg rather than re-nest [8]. Canestrari
et al.’s work [5] shows that in their
system a lack of defences may arise
if the parasite is of little cost or even
beneficial, especially in years of high
predation risk. The study also shows
that costs (or even benefits) can
fluctuate considerably over time, and
likely space too (predator abundance
can vary greatly among populations).
Therefore, a range of factors can affect
presence or absence and levels of
host defences, in addition to those
already known (such as rates of
parasitism [9]). Interestingly, the
authors discuss that there is a lower
predation rate in magpie (Pica pica)
nests parasitized by the cuckoos too,
and magpies do have defences against
cuckoos [10]. This may arise if magpies
suffer greater costs from parasites
than crows (being smaller), meaning
that the costs of parasitism nearly
always outweigh the potential benefits
in predator deterrence. One question
is whether any defences in systems
like this may be plastic depending
on the prevalence of predators.
Previous work has shown on various
occasions that many hosts are tuned
to parasitism rates or risks in a
population, and that, for example,
hosts show heightened defences when
the perceived risks of parasitism
are higher [11]. It is not inconceivable
that hosts could somehow monitor
predation risk, either by directly
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some indirect means, in addition to
parasitism risk. As such, we would
expect hosts to be less defensive
against parasites when predation risk
is higher.
Finally, anti-predator defences,
including secretions and startle-like
displays involving a parasitic chick
rearing up and ‘snapping’ its gape
when disturbed, seem to occur in
other species too. This means that
there is the possibility of benefits
to hosts in other species as well,
although this would presumably
be limited to systems where host
chicks at least sometimes survive
parasitism.
Above all, this study shows that
outcomes of evolution and optimal
strategies, in this case presence and
levels of host defences, will depend
on an intricate play-off between a
variety of competing selectionpressures, not just those directly
related to parasitism itself, and that
such outcomes can fluctuate with
time and location. Brood parasites
and predator–prey relationships have
long been central to understanding
how evolution works, and there is
no reason for that to change any time
soon.References
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CircuitsHow does the brain compare visual inputs over space and time to extract
motion? Electronmicroscopic (EM) andmolecular analyses reveal a new circuit
architecture for motion processing in Drosophila. An offset in the weighting of
synaptic connections and differential use of fast and slow nicotinic receptors
suggests a mechanism that can implement spatiotemporal comparisons.Marion Silies
and Thomas R. Clandinin*
Our brains can detect movement by
comparing changes in brightness at
two distinct points in space at two
different times. How such comparisons
can be made found its original
quantitative description in a
computational model that captured
behavioral responses in the beetle
Chlorophanus [1]. Because this model
fits data from many experimental
systems, identifying the neural circuits
that implement this computation has
represented a key challenge for more
than 50 years. Taking advantage of
ever-better genetic tools, recent years
have seen significant progress toward
this goal in the fruit fly. In this issue of
Current Biology, Shinomiya et al. [2]
reveal a new anatomical pathway
devoted to detecting moving dark
edges.The fly visual system consists
of three hierarchically organized
ganglia. Visual information travels
from the retina, which houses the
photoreceptors, through the lamina,
the medulla and the lobula complex,
the latter comprising lobula and
lobula plate (Figure 1A). Columnar
organization predominates
throughout, with each column
corresponding to a single point in
visual space, and the array of columns
representing the visual scene as a
retinotopic image. To compare signals
across space, there must be an
anatomical connection between
columns. To be selective for motion,
this comparison must be offset in time
and hence use two signals that travel
through the brain at different speeds.
Identifying the pathways and
molecular mechanisms that implement
this spatiotemporal correlation will
unravel how a nervous systemimplements a paradigmatic
computation.
Postsynaptic to photoreceptors,
the first order interneurons L1 and L2
were initially identified as inputs to
motion-detecting circuits in the lamina
[3]. These cells were thought to be
distinct inputs to ‘ON’ and ‘OFF’
pathways that mediate behavioral
and electrophysiological responses
to moving light and dark edges,
respectively [4,5]. L1 and L2 respond
to changes in light intensity and are not
selective for motion [4,6,7]. However,
the lobula complex two ganglia away
houses T4 and T5, two cell types that
preferentially respond to motion in a
particular direction within a small part
of visual space. Moreover, T4 and T5
are each highly selective for moving
light and dark edges, respectively [8].
Recent studies have advanced this
simple view of ON/OFF segregation.
In particular, the detection of moving
dark edges appears more complex,
incorporating signals from both L1 as
well as a third synaptic partner of
photoreceptors, the lamina neuron L3
[9,10]. How these inputs diverge and
converge in downstream circuitry
to transform non-directional inputs into
direction-selective responses presents
a major challenge.
Approximately 60 types of medulla
neurons link the lamina to the lobula
